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(54) MAGNETIC MATERIAL FILM AND MAGNETIC HEAD USING THE SAME 

(57)Abstract: 

PURPOSE: To provide a magnetic material film for 
magnetic head use to show superior recording production 
characteristics to a high-coercive force recording medium 
by a method wherein main magnetic material films, which 
respectively have a prescribed thickness, and intermediate 
magnetic material films, which respectively have a 
prescribed thickness, are laminated. 
CONSTITUTION: A magnetic material film has a high 
saturation flux density. Main magnetic material films 20 
consisting of a magnetic alloy containing iron, for example, 
as its main component and intermediate magnetic material 
films 21 consisting of a magnetic alloy containing Co, Ni or 
the like other than the iron as its main component are 
respectively laminated on a non-magnetic substrate 23. 
These films 21 consist of a very thin layer of a thickness 
of 100&angst; or thinner and the films 20 are formed in 
such a way that their film thicknesses become a film 
thickness of 0.5jim or thinner in an extent that a columnar 
crystallographic structure does not exert magnetically a 

large adverse effect Thereby, a high permeability is obtained by a low coersive force and a 
laminated magnetic material film, which is superior in high-frequency characteristics and is thick 
in film thickness, is obtained. By using this laminated magnetic material film for a magnetic head, a 
head for high-density magnetic recording reproduction use to show specially superior recording 
reproduction characteristics to a high-coercive force recording medium can be realized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The main magnetic-substance film with which the amount of [ which constitutes the 
magnetic-substance film ] principal part consists of a magnetic alloy of the crystalline substance 
which uses Fe with a thickness of 0.5 micrometers or less as a principal component, and this main 
magnetic-substance film are magnetic-substance film characterized by coming at least to carry 
out the laminating of the middle magnetic-substance film with a thickness of 100A or less it is thin 
from the magnetic alloy with which presentations differ. 

[Claim 2] Magnetic-substance film according to claim 1 characterized by having carried out the 

laminating of the unit laminating magnetic-substance film which carried out the laminating of said 

main magnetic-substance film and the middle magnetic-substance film, and constituted them, and 

the interlayer which consists of a nonmagnetic insulating material, and constituting it. 

[Claim 3] Said main magnetic-substance film is magnetic-substance film according to claim 1 or 2 

characterized by having the crystal structure pillar-shaped when it considers as monolayer, or 

needlelike. 

[Claim 4] Said main magnetic-substance film is magnetic-substance film of claim 1 characterized 
by having the coercive force of Number Oe when it considers as monolayer thru/or claim 3 given 
in any 1 term. 

[Claim 5] Said main magnetic-substance film is magnetic-substance film of claim 1 characterized 
by having saturation magnetic flux density 1 0000 gauss or more when it considers as monolayer 
thru/or claim 5 given in any 1 term. 

[Claim 6] Said main magnetic-substance film is magnetic-substance film of claim 1 which uses Fe 
as a principal component and is characterized by consisting of a magnetic alloy containing at least 
one sort of elements chosen from from among Si, aluminum, and Ti thru/or claim 5 given in any 1 
term. 

[Claim 7] Said main magnetic-substance film is magnetic-substance film of claim 1 characterized 
by being the magnetic alloy which contains elements other than Fe in 10 or less % of the weight of 
the range thru/or claim 6 given in any 1 term. 

[Claim 8] Said main magnetic-substance film is magnetic-substance film of claim 1 characterized 
by being a magnetic alloy containing Cr or Pt thru/or claim 7 given in any 1 term. 
[Claim 9] Said middle magnetic-substance film is magnetic-substance film of claim 1 characterized 
by consisting of a magnetic alloy which uses Co or nickel as a principal component thru/or claim 8 
given in any 1 term. 

[Claim 1 0] Magnetic-substance film of claim 1 characterized by being the range whose thickness 
of the monolayer of said main magnetic-substance film is 0.05-0.3 micrometers thru/or claim 9 
given in any 1 term. 

[Claim 11] Magnetic-substance film of claim 1 characterized by being the range whose thickness 
of the monolayer of said middle magnetic-substance film is 10-80A thru/or claim 10 given in any 1 
term. 

[Claim 12] Magnetic-substance film of claim 1 characterized by being the range whose thickness 
of the monolayer of said middle magnetic-substance film is 15-70A thru/or claim 10 given in any 1 
term. 



[Claim 13] The interlayer which consists of said nonmagnetic insulating material is magnetic- 
substance film of Si02. aluminum 203, claim 1 characterized by consisting of at least one sort of 
nonmagnetic insulating materials chosen from from among aluminum and Mo, or claim 12 given in 
any 1 term. 

[Claim 14] Said magnetic-substance film is magnetic-substance film of claim 1 characterized by 
impressing and forming the field of the predetermined direction to the film surface thru/or claim 1 3 
given in any 1 term. 

[Claim 15] Said magnetic-substance film is magnetic-substance film of claim 1 characterized by 
coming to form on a nonmagnetic substrate thru/or claim 14 given in any 1 term. 
[Claim 16] In the magnetic head which has the coil means magnetically combined with the 
magnetic-core member which forms a magnetic gap, and this core member the above-mentioned 
core member The main magnetic-substance film which consists of a magnetic alloy of the 
crystalline substance which uses Fe with a thickness of 0.5 micrometers or less as a principal 
component The magnetic-substance film which carried out the laminating of the middle magnetic- 
substance film with a thickness of 100A or less it is thin from the magnetic alloy with which a 
presentation differs from this main magnetic-substance film, and constituted it, or the unit 
laminating magnetic-substance film constituted by carrying out the laminating of said main 
magnetic-substance film and the middle magnetic-substance film, The magnetic head 
characterized by constituting with the magnetic-substance film which carried out the laminating of 
the interlayer which consists of a nonmagnetic insulating material, and constituted it. 
[Claim 17] Said magnetic-core member is the magnetic head according to claim 16 characterized 
by having carried out the laminating of the main magnetic-substance film with a thickness of 0.5 
micrometers or less and the middle magnetic-substance film with a thickness of 10-80A, and 
constituting them. 

[Claim 1 8] Said magnetic-core member is the magnetic head according to claim 1 6 or 1 7 
characterized by consisting of magnetic-substance film which carried out the laminating of the 
unit laminating magnetic-substance film which carried out the laminating of the main magnetic- 
substance film and the middle magnetic-substance film, and constituted them, and the interlayer 
which consists of a nonmagnetic insulating material, and constituted it. 

[Claim 19] The main magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 16 characterized by having the crystal structure pillar-shaped when it 
considers as monolayer, or needlelike thru/or claim 18 given in any 1 term. 

[Claim 20] The main magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 16 characterized by having the coercive force of Number Oe when it 
considers as monolayer thru/or claim 1 9 given in any 1 term. 

[Claim 21] The main magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 1 6 characterized by having saturation magnetic flux density 1 0000 gauss or 
more when it considers as monolayer thru/or claim 20 given in any 1 term. 

[Claim 22] The main magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 16 characterized by consisting of a magnetic alloy which has the high 
saturation magnetic flux density which uses Fe as a principal component thru/or claim 21 given in 
any 1 term. 

[Claim 23] The main magnetic-substance film which consists of a magnetic alloy which uses as a 
principal component Fe which has the high saturation magnetic flux density which constitutes said 
magnetic-core member is the magnetic head of claim 1 6 characterized by being a magnetic alloy 
containing at least one sort of elements chosen from from among Si, aluminum, and Ti thru/or 
claim 22 given in any 1 term. 

[Claim 24] The main magnetic-substance film which consists of a magnetic alloy which uses as a 
principal component Fe which constitutes said magnetic-core member is the magnetic head of 
claim 16 characterized by being the magnetic alloy which contains elements other than Fe in 10 or 
less % of the weight of the range thru/or claim 23 given in any 1 term. 

[Claim 25] The main magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 16 characterized by being a magnetic alloy containing Cr or Pt thru/or 
claim 24 given in any 1 term. 



[Claim 26] The middle magnetic-substance film which constitutes said magnetic-core member is 
the magnetic head of claim 16 characterized by consisting of a magnetic alloy which uses Co or 
nickel as a principal component thru/or claim 25 given in any 1 term. 

[Claim 27] The magnetic head of claim 16 characterized by being the range whose thickness of the 
monolayer of the main magnetic-substance film which constitutes said magnetic-core member is 
0.05-0.3 micrometers thru/or claim 26 given in any 1 term. 

[Claim 28] The magnetic head of claim 16 characterized by being the range whose thickness of the 
monolayer of the middle magnetic-substance film which constitutes said magnetic-core member is 
10-80A thru/or claim 27 given in any 1 term. 

[Claim 29] The magnetic head of claim 1 6 characterized by being the range whose thickness of the 
monolayer of the middle magnetic-substance film which constitutes said magnetic-core member is 
15-70A thru/or claim 27 given in any 1 term. 

[Claim 30] The interlayer which consists of a nonmagnetic insulating material which constitutes 
said magnetic-core member is the magnetic head of Si02 v aluminum 203, claim 1 6 characterized 
by consisting of at least one sort of nonmagnetic insulating materials chosen from from among 
aluminum and Mo, or claim 29 given in any 1 term. 

[Claim 31] The magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 1 6 characterized by impressing and forming the field of the predetermined 
direction to the film surface thru/or claim 30 given in any 1 term. 

[Claim 32] The magnetic-substance film which constitutes said magnetic-core member is the 
magnetic head of claim 16 characterized by forming on a nonmagnetic substrate thru/or claim 31 
given in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the magnetic head using the magnetic-substance 
film and it which start the magnetic-substance film, especially demonstrate the suitable engine 
performance for high density magnetic recording as core materials for the magnetic heads. 
[0002] 

[Description of the Prior Art] The advance of the densification of magnetic recording is remarkable 
and the coercive force He of the conventional oxide tape came to be easily acquired for the thing 
of 1200 - 1600 Oe to 600 - 700 Oe (oersted) with the advent of a metal tape. In order to fully 
record on such a high coercive force record medium, the magnetic material for the magnetic heads 
which has high saturation magnetic flux density is required. The magnetic material which has high 
saturation magnetic flux density is the alloy which used Fe, Co, and nickel as the principal 
component, and can obtain a thing 10000 gauss or more easily. When using a metal magnetic 
material for the magnetic head etc. conventionally, in order to stop the eddy current loss in a RF 
field, the structure which insulated electrically and carried out the laminating of the magnetic- 
substance film is taken. The manufacture approach is performed by the so-called thin film coating 
technology, such as sputtering, vacuum evaporationo, ion plating, and plating. Drawin g 1 is drawing 
showing the structure of the conventional laminating magnetic-substance film, namely, — What 
carries out sequential formation of a magnetic layer 1 0 and the nonmagnetic insulating layer 1 1 by 
turns on the nonmagnetic substrate 13, and obtains a layered product is well-known (for example, 
JP,49-127195,A). Here, in the thickness of each magnetic layer 10, several microns and the non- 
magnetic-material layer 1 1 have about [ the ] 1/10 thickness. However, since the metal magnetic- 
substance film 12 (for example, using Fe as a principal component alloy film or nickel-Fe alloy film 
with Si, aluminum, Ti, etc.) of a crystalline substance shows a columnar structure as shown in 
drawing 1 , magnetization may be made hard to move by the boundary of a columnar structure, and 
it may enlarge coercive force. Therefore, when the magnetic head was produced by the large 
magnetic-substance film of coercive force, and a big field was given from the outside, there was a 
problem that a magnetic-head core will carry out magnetization. In order to solve this problem, 
there is a method of reducing coercive force by carrying out the laminating of the magnetic layer 
of submicron thickness, and the non-magnetic-material layer with a thickness of about 100A by 
turns (for example, JP,52-1 12797.A). For example, according to the above-mentioned approach, 
even 1 Oe extent can be made to reduce coercive force, although it has the coercive force of a 
number oersted in the monolayer of the Fe-6.5%Si alloy of about 1 -micrometer thickness obtained 
by sputtering. However, it was [ 0.8 Oe extent ] a limit which shows the lowest coercive force. 
Therefore, it was not what can be satisfied as a magnetic-head ingredient. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention cancels the trouble in the 
conventional technique mentioned above, is to offer the magnetic-substance film for the magnetic 
heads in which the record reproducing characteristics which were excellent to the high coercive 
force record medium are shown, especially the main magnetic-substance film consists of 
ferromagnetic film which has high saturation magnetic flux density, and is low coercive force, and 



is to offer the laminating magnetic-substance film which has high permeability, and the magnetic 

head using it. 

[0004] 

[Means for Solving the Problem] This invention is easily obtained using the metal magnetic 
substance which uses as a principal component Fe, Co, or nickel of the crystalline substance 
which has high saturation magnetic flux density 10000 gauss or more for the magnetic-substance 
film of low coercive force which is not obtained by the laminating magnetic-substance film which 
carried out the laminating of the magnetic layer formed by the conventional approach, and the 
non-magnetic-material layer by turns, this invention persons found out that the above-mentioned 
laminating magnetic-substance film could be attained by using said magnetic layer and a different 
magnetic layer as an interlayer instead of the non-magnetic-material layer as an interlayer 
prepared between magnetic layers in the conventional laminating magnetic-substance film. 
Speaking concretely, the magnetic-substance film of this invention carrying out the laminating of 
the main magnetic-substance film with a thickness of 0.5 micrometers or less and the middle 
magnetic-substance film with a thickness of 100A or less, and forming it. 
[0005] Drawing 2 is the sectional view showing an example of the structure of the magnetic- 
substance film of this invention. In drawing, the main magnetic-substance film which 20 has high 
saturation magnetic flux density, for example, consists of a magnetic alloy which uses iron as a 
principal component, the middle magnetic-substance film which consists of a magnetic alloy with 
which 21 uses Co(es) other than iron, nickel, etc. as a principal component, and 23 are 
nonmagnetic substrates. It forms so that it may become the thickness with a thickness of 1 00A or 
less of extent on which it becomes from a film very much and, as for the main magnetic- 
substance film 20, columnar crystal structure does not have a big bad influence magnetically, and 
as for this middle magnetic-substance film 21, the columnar crystal structure 22 of the main 
magnetic-substance film 20 is subdivided by the middle magnetic layer 21 . If it is made such 
structure, since the magnetization which was going at right angles to a film surface along columnar 
structure, and the magnetization it had been hard coming to move by the boundary of columnar 
structure will come to move the inside of a film surface by the small field toward the inside of a 
film surface, coercive force becomes small. Moreover, the middle magnetic-substance film 21 
compensates magnetic connection of each main magnetic-substance film 20, and is considered to 
have helped the movement toward magnetization. 

[0006] This invention is magnetic-substance film which has the laminated structure which consists 
of middle magnetic-substance film which uses as a principal component metallic elements other 
than Fe which intervenes between two or more main magnetic-substance film which has the high 
saturation magnetic flux density (10000 gauss or more) which uses Fe as a principal component, 
and this main magnetic-substance film. The main magnetic-substance film of this invention uses 
Fe as a principal component, and including at least one sort chosen from Si, aluminum, and Ti, or 
two sorts or more, magnetostriction is small and it consists of ferromagnetic alloy film which has 
high saturation magnetic flux density with high permeability. In addition, the presentations of the 
main magnetic-substance film are the purposes, such as corrosion resistance, abrasion resistance, 
and magnetostriction control, and may add other additives, such as Cr and Pt, in 10% or less of 
amount. However, when using as a magnetic-head ingredient applied to the magnetic-recording 
medium of high coercive force more than 1 200 Oe, it is desirable to secure the saturation 
magnetic flux density of the main magnetic-substance film to 10000 gauss or more. On the other 
hand, as for the middle magnetic-substance film, it is desirable to consist of Co, nickel, or an alloy 
that made these elements the subject. Moreover, if Fe is used alone, since the columnar structure 
is connected with the columnar structure of the main magnetic-substance film, a not much good 
result will not be obtained, but if the alloy which made nickel or Co the subject, for example, 
Co80Fe20 alloy, is used, the effectiveness of this invention will be acquired. This invention is 
effective in the ferromagnetic film of a crystalline substance as the main magnetic-substance film 
shows pillar-shaped (or needlelike) structure to in monolayer. If this invention is applied to the 
magnetic-substance film which has the coercive force of a number oersted in monolayer 
especially, it is possible to reduce coercive force a figure single [ about ]. As for the thickness of 
each class of the main magnetic-substance film in this invention, it is suitably desirable that it is 



0.05-0.3 micrometers 0.5 micrometers or less. By 0.05 micrometers or less, the magnetism of the 
middle magnetic-substance film excels, by 0.5 micrometers or more, the effect of columnar 
structure will be strong and coercive force will become large. Moreover, the thickness of each 
class of the middle magnetic-substance film has desirable 100A or less, and, as for the more 
desirable range, considering as 15-70A is most suitably desirable 1Q-80A. By 10A or less, it 
becomes difficult to intercept the columnar structure of the main magnetic-substance film 
completely, by 80A or more, the magnetism of the middle magnetic-substance film will be 
emphasized and coercive force will become large. The laminating magnetic-substance film of this 
invention which carried out the laminating of the above main magnetic-substance film and the 
middle magnetic-substance film can obtain the low magnetic-substance film of coercive force 
compared with the laminating magnetic-substance film constituted from an interlayer which 
consists of the conventional main magnetic-substance film and a conventional nonmagnetic 
insulating material. Furthermore, the large laminating magnetic-substance film of the thickness of 
this invention which was excellent in the RF property can be obtained by carrying out the 
predetermined number-of-sheets laminating of the suitable unit laminating magnetic-substance 
film of thickness which consists of the aforementioned main magnetic-substance film and the 
aforementioned middle magnetic-substance film through the non-magnetic-material film with 
electric insulation like Si02 and 20aluminum3 film. The laminating magnetic-substance film of this 
invention can be formed by the so-called thin film coating technology, such as sputtering, vacuum 
evaporationo, ion plating, and plating. 
[0007] 

[Example] Hereafter, the example of this invention is given and it explains to a detail further using 
a drawing. Formation of the magnetic-substance film used RF sputtering system as shown in 
drawing 3 . In a vacuum housing 30, it has three independent counterelectrodes, and electrodes 31, 
32, and 33 are target electrodes (cathode). The alloy target for forming in an electrode 31 the main 
magnetic-substance film which used Fe as the principal component is arranged. The magnetic 
target which makes a subject magnetic metals, such as Co(es) other than Fe for forming the 
middle magnetic-substance film in an electrode 32 and nickel, is arranged. The target which 
becomes an electrode 33 from an insulator or non-magnetic metal, such as Si02 and aluminum 
203 for forming a middle non-magnetic-material layer, and aluminum, Mo, is arranged. On the 
other hand, electrodes 34, 35, and 36 are sample electrodes (anode plate) prepared directly under 
said target electrodes 31, 32, and 33, respectively, and a sample 37 can move them now onto each 
sample electrode according to the purpose. Moreover, at the time of sputtering, it is by the 
electromagnet 38 and 38'. A field is impressed in the field of a sample 37. In addition, discharge is 
performed in argon gas and it enters in a vacuum housing 30 from the gas installation tubing 39. 40 
is the exhaust hole of a container 30 and 41 is an electrode switch machine. 
[0008] <Example 1> Formation of the Fe-6.5%Si (% of the weight) film which has the high 
saturation magnetic flux density as main magnetic-substance film is described first. The terms and 
conditions chosen in order to carry out sputtering on good conditions comparatively are as follows. 

Target presentation [ ... 350 degree-C inter-electrode distance .. 25mm thickness The magnetic 

properties of the monolayer obtained 1.5 micrometers were coercive force Hc;2.5 Oe, the 
permeability mu; 400 in 5MHz, and saturation-magnetic-flux-density Bs;18500 gauss. ] — Fe-6.5% 
Si RF power flux density — 2.8 W/cm2 argon pressure .... 2x10~2Torr substrate temperature In 
addition, during sputtering, the field (about 10 Oe) of an one direction is impressed in the field of 
the magnetic-substance film. The magnetic properties of a sample show the result measured in 
the direction of a hard axis of the magnetic-substance film. Moreover, the glass substrate was 
used as a substrate. The terms and conditions for sputtering are in the inclination for a 
presentation to shift to the Fe side, when a target presentation is set to Fe-6.5%Si, and the 
presentation of the deposited film serves as Si 5 to 6%. RF power flux density has the direction 
made into two or more 2 W/cm in the inclination which coercive force He reduces. In order to 
ease membranous distorted stress, as for substrate temperature, it is desirable to make it 300 
degrees C or more. Inter-electrode distance has about 20-30 desirablemm, when the shorter one 
has coercive force in the inclination which becomes low and accelerates the stability of discharge 



under sputtering. Moreover, since survival of oxygen or an impurity influences the magnetic 
properties of the magnetic-substance film, as for the degree of vacuum of the vacuum housing 
before argon gas installation, it is desirable to make it the high vacuum of 10~7 or more Torrs. On 
the other hand, formation of an interlayer was performed on condition that the following currently 
generally performed by RF sputtering. 

[0009] target ingredient — Co, nickel, Co80Fe20 and Si02 and aluminum 203, aluminum and Mo, 
and a Fe RF powei — flux-density — 0.5W[/cm ] 2 argon pressure .... 5x10~3Torr substrate 

temperature ... 250-degree-C inter-electrode distance .. 50mm thickness It experimented 

also about the thing using non-magnetic metal film which consists of Si02 and aluminum 203 
which are used Fe film and conventionally for the comparison with the magnetic-substance film 
which turns into 30A interlayer from Co and nickel, such as insulator film, and aluminum, Mo. In the 
laminating magnetic-substance film, much more thickness of the main magnetic-substance film 
was set to 0.1 micrometers, thickness of an interlayer was made into 30A, the 15-layer laminating 
of the main magnetic-substance film was carried out, and all thickness was set to about 1 .5 
micrometers. Drawi ng 4 is the graph in which using as the main magnetic-substance film the Fe- 
6.5%Si film obtained as mentioned above, and showing the magnetic properties of the laminating 
magnetic-substance film using various interlayers. The magnetic properties in this graph show the 
average of the film [ having carried out sputtering, respectively ]. Moreover, - (Li) is the property 
of the magnetic-substance film of this invention which made the interlayer the magnetic metal 
which made the subject magnetic metals other than the property of the laminating magnetic- 
substance film that the property of the monolayer of a Fe-6.5%Si alloy, (**) - (**) made the 
conventional nonmagnetic material the interlayer, as for (**), the property of this invention, to 
which (**) made Fe the interlayer, and the similar laminating magnetic-substance film, (**), and Fe 
among a graph. According to the result of this graph, the magnetic-substance film of this invention 
which made the interlayer Co, nickel, and Co80Fe20 is understood that coercive force is very 
small compared with the magnetic-substance film which made the interlayer Fe and the 
conventional non-magnetic-material film. That is, coercive force was able to become below 0.5 Oe 
and practical permeability was able to be obtained. 

[0010] In this invention, the range of much more thickness of the main magnetic-substance film is 
0.05-0.5 micrometers, and it can make columnar structure detailed to extent which does not have 
a bad influence on the magnetic properties of the laminating magnetic-substance film. Relation 
with the thickness of the interlayer when d rawin g 5 using the Fe-6.5%Si film as the main magnetic- 
substance film, and making Co into an interlayer, a coercive force [ He ], and a permeability [ mu ] 
of 5MHz is shown. This laminating magnetic-substance film prepares an interlayer between the 
main magnetic-substance film of 15 layers, and them. According to this drawing, coercive force 
becomes below 0.5 Oe in the range whose coercive force is about 0.8 Oe and 15-70A in the range 
of 10-80A, and the thickness of an interlayer serves as min near 40A. On the other hand, 
permeability serves as max near this. Although the effect of the thickness of an interlayer changes 
a little with quality of the materials, suitable magnetic properties are acquired in the almost 
equivalent range. In addition, in thickness 10A or less, it becomes difficult to intercept the main 
magnetic-substance film tissue, and in order that columnar structure may grow, the effectiveness 
of this invention is reduced. On the other hand, if it is made 80A or more, the magnetic property of 
an interlayer will be emphasized and coercive force will become large. Since the thickness of an 
interlayer was difficult to measure directly, it was computed from the sputtering rate when 
covering the thickness which is several microns, and was managed by time amount. In this 
example, the field of an one direction is impressed in the field of the magnetic-substance film 
during sputtering, and an easy axis is formed in the field impression direction. From the 
permeability (curve 51) which changed the frequency and was measured in the field impression 
direction (the direction of an easy axis) as shown in drawin g 6 , the permeability (curve 52) 
measured in the impression field and the perpendicular direction (the direction of a hard axis) is 
high. Therefore, when using the laminating magnetic-substance film of this invention for production 
of the magnetic head, the direction of a hard axis can be arranged in the advantageous direction to 
the magnetic circuit of the magnetic head. 

[0011] <Example 2> this example is shown as compared with the magnetic-substance film of the 



conventional laminated structure about the coercive force acquired with the laminating magnetic- 
substance film of this invention. For example, as for the laminating magnetic-substance film 
obtained by using a Fe-9.5%Si-6%aluminum alloy as a target, and carrying out sputtering on 
condition that the following, the coercive force of 0.2 Oe is acquired constantly. In addition, the 
coercive force acquired by the laminated structure of a conventional type (for example, when Si02 
film is used for an interlayer) was 0.5 Oe. 

target presentation — Fe-10%Si — a -6.5%aluminum RF power-flux-density — 2.5 W/cm2 argon 
pressure .... 1x10 3Torr substrate temperature ... 350-degree-C inter-electrode distance 

thickness — 0.2-micrometer interlayer of 30 mmFe-Si-aluminum alloy Thickness of CoCo [ 

7 coercive force He / 0.2 Oe saturation magnetic flux density .. Although the main magnetic- 
substance film used for 9000 gauss this invention may be magnetic-substance film which uses Fe 
as a principal component, it has high saturation magnetic flux density. ] Number of layers of 30A 
alloy film .. Number of layers of eight interlayers If it is the alloy magnetic substance which uses as 
a principal component Co(es) or nickel other than Fe whose magnetostriction is near zero mostly, 
sufficient effectiveness will arise. Coercive force is reduced in the magnetic-substance film which 
was especially formed of thin film coating technology and with which a membrane shows a 
perpendicular or the inclined columnar structure to a film surface, and the laminating magnetic- 
substance film suitable as a magnetic-head ingredient can be obtained. 

[0012] <Example 3> drawing 7 shows the example of this invention about membrane structure, and 
shows the structure of the thick-film laminating magnetic-substance film. It is the laminating 
magnetic-substance film which comes to form the interlayer 24 which consists of a nonmagnetic 
insulating material on the nonmagnetic substrate 23 for every unit cascade screen with a 
thickness of several microns which carried out the laminating of the main magnetic-substance film 
20 and the middle magnetic-substance film 21 by turns. Thus, the constituted laminating 
magnetic-substance film serves as magnetic-head core material which does not have degradation 
of the permeability in a RF field and was excellent. As for such laminating magnetic-substance 
film, the width of recording track is used as a video head ingredient 10 micrometers or more. 
[001 3] The example of the magnetic head of this invention is explained below to <the example 4>. 
The magnetic head of this invention is the magnetic head which has the coil magnetically 
combined with the core member which forms a magnetic gap, and a core member, carries out the 
laminating of two or more sorts of magnetic-substance film, and forms a core member. Thus, the 
crystal structure of the magnetic-substance film can be controlled by forming a core, with 
magnetic relation of magnetic-substance film maintained. Consequently, even if coercive force is 
the large magnetic-substance film, the coercive force when considering as a magnetic-head core 
is small, permeability becomes large, and the magnetic head of the outstanding property can 
consist of monolayers. After forming the above-mentioned laminating magnetic-substance film on 
a nonmagnetic substrate, a predetermined configuration is processed into drawing 8 and an 
example of the magnetic head compared and made so that a gap forming face might counter 
mutually is shown in it. In drawing, it is a nonmagnetic substrate and in order that the nonmagnetic 
substrate with which, as for 61, the magnetic-substance film was formed, and 62 may protect the 
laminating magnetic-substance film and 63 may protect the laminating magnetic-substance film 62, 
while I will accept it are pasted up on the substrate or magnetic-substance film of another side 
with glass etc. 64 is a gap and 65 is a coil coil aperture. In this example, the thickness of the 
laminating magnetic-substance film 62 serves as the width of recording track. Drawing 9 shows an 
example of the structure of the thin film magnetic head using the laminating magnetic layer of this 
invention mentioned above. Drawing 9 (b) is a magnetic-head core sectional view, and drawin g 9 
(b) is a plan, drawing — setting — 71 — a nonmagnetic substrate and 72 — the lower magnetic- 
substance film and 73 — the up magnetic-substance film and 74 — a conductor — a coil and 75 
are actuation gaps. In this example, since thickness several microns or less is sufficient as the 
magnetic-substance film, the interlayer 24 which consists of a nonmagnetic insulating material as 
shown in drawing 7 can be excluded. Drawing 1 0 is the principal part enlarged drawing of the 
magnetic-substance film near the actuation gap of the magnetic head shown in drawing 9 . 
Drawin g 10 (b) shows an example at the time of forming the lower magnetic-substance film 72 and 
the up magnetic-substance film 73 by the large monolayer of a columnar structure. In this case, 



columnar structure is arisen in a **** part with a knee so that it may be elbows 76 and 77, a 
crack arises in turbulence and its part, and it becomes the cause by which corrosion takes place. 
Moreover, a crack is produced by the stress concentration in the part of a knee. According to the 
laminating magnetic-substance film by this invention shown in drawing 10 (b), the crystalline 
structure is fine at elbows 76 and 77, it is continuous, and it can be made homogeneity and a 
corrosion resistance good magnetic circuit can be formed, without producing a crack, since there 
is also little stress concentration. 
[0014] 

[Effect of the Invention] The main magnetic-substance film which consists of a magnetic alloy of 
the crystalline substance which uses Fe with a thickness [ of this invention ] of 0.5 micrometers 
or less as a principal component as explained to the detail above, High permeability is obtained by 
coercive force with low unit laminating magnetic-substance film which carried out the 
predetermined number laminating of the magnetic-substance film which carried out the laminating 
of the middle magnetic-substance film with a thickness of 1 00A or less or the main magnetic- 
substance film, and the middle magnetic-substance film and magnetic-substance film which 
carried out the laminating of the interlayer which consists of a nonmagnetic insulating material, and 
constituted it. Moreover, the large laminating magnetic-substance film of the thickness excellent in 
the RF property is obtained by carrying out two or more laminatings of the unit laminating 
magnetic-substance film through the interlayer which consists of a nonmagnetic insulating material 
of electric insulation, therefore, the thing for which the magnetic-substance film of this invention 
is used as core material of the magnetic head — especially, the head for high density magnetic- 
recording playback which shows the record reproducing characteristics which were excellent to 
the high coercive force record medium is realizable. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] The mimetic diagram showing the cross-section configuration of the conventional 
laminating magnetic-substance film. 

[Drawing 2] The mimetic diagram showing an example of the cross-section configuration of the 
laminating magnetic-substance film of this invention. 

[DrBwing^] The mimetic diagram showing the configuration of the sputtering system used for 
formation of the magnetic-substance film in the example of this invention. 

[Drawing 4] The graph in which using as the main magnetic-substance film the Fe-6.5%Si alloy film 
illustrated in the example 1 of this invention, and showing the magnetic properties of the laminating 
magnetic-substance film using various interlayers. 

[Drawing 5] The graph which shows the magnetic properties of the laminating magnetic-substance 
film of this invention which used as the main magnetic-substance film the Fe-6.5%Si alloy film 
illustrated in the example 1 of this invention, and made Co the interlayer. 

[Drawing 6] The graph which shows the magnetic properties of the laminating magnetic-substance 

film of this invention which used as the main magnetic-substance film the Fe-6.5%Si alloy film 

illustrated in the example 1 of this invention, and made Co the interlayer. 

[Drawin g 7] The mimetic diagram showing the cross-section configuration of other laminating 

magnetic-substance film of this invention illustrated in the example 3 of this invention. 

[ Drawin g 8] The mimetic diagram showing the configuration of the magnetic head produced using 

the laminating magnetic-substance film illustrated in the example 4 of this invention. 

[Drawing 9] The mimetic diagram showing the structure of the thin film magnetic head illustrated in 

the example 4 of this invention. 

[Drawing 10] The enlarged drawing showing the configuration of the magnetic-substance film near 
the actuation gap of the magnetic head illustrated in the example 4 of this invention. 
[Description of Notations] 

1 0 — Magnetic layer 

11 — Nonmagnetic insulating layer 

12 — Metal magnetic-substance film 

1 3 — Nonmagnetic substrate 

20 — Main magnetic-substance film 

21 — Middle magnetic-substance film 

22 — Columnar crystal structure 

23 — Nonmagnetic substrate 

24 — Interlayer which consists of a nonmagnetic insulating material 
30 — Vacuum housing 

31, 32, 33 — Electrode (target — cathode) 

34, 35, 36 — Electrode (sample electrode — anode plate) 

37 — Sample 

38 38' — Electromagnet 

39 — Gas installation tubing 

40 — Exhaust port 



41 — 


Electrode switch machine 


51 — 


Permeability of the direction of an easy axis 


52 — 


Permeability of the direction of a hard axis 


61 — 


Nonmagnetic substrate 


62 — 


Laminating magnetic - substance film 
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Gap 
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Nonmagnetic substrate 


72 — 


Lower mafrne'fcie^sLihs'tance film 
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73 — 


Up magnetic-substance film 


74 — 


a conductor — a coil 


75 — 


Actuation gap 


76 77 
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